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PREFACE 



During the past few years there has been increasing concern over 
the numbers and concentrations of contaminants in fish in Ontario lakes 
and rivers. Many contaminants reach concentrations in fish which pose a 
risk for human consumption while the health of the fish themselves does 
not appear to be affected. Consequently, human consumption of healthy 
fish from some lakes must be controlled because of their content of 
materials such as mercury or PCB's. 

Major fish analysis programs have been directed toward the sport 
fish populations in order to develop appropriate human consumption guide- 
lines. While these programs are essential and effective for their purpose, 
they do not shed much light on some fundamental questions regarding the 
environmental control such as location of sources, trends with time and 
mechanisms of uptake. The adult fish range over wide areas and their 
ages can be difficult to determine. 

To augment the sport fish surveys, the Toxicity Unit began in 1975 
to conduct contaminant surveys on young fish. The program concentrates on 
young-of-the-year or yearlings of a variety of species. Such fish can be 
easily aged and obviously they represent current contaminant uptake condi- 
tions. The young fish do not range very far so their contaminant concentra- 
tions represent a narrow range of time and space conditions. While the 
results may not be relevant to human consumption of sport fish from the same 
waters, they do give good scientific data for determining contaminant uptake 
as a function of time and geographical location. 

This simple concept is being applied in a number of applications 
covering a large area of the Province. The young fish surveys are supported 
by a variety of chemical and biological sampling to suit the specific purpose 
of the work. 

The survey deals with organic compounds, pesticides and mercury in 
yellow perch from lakes Nipissing, Rosseau, Muskoka, Simcoe, Stoney, Rice 
and Moira collected in 1977 and from Rice Lake in 1978. 



SUMMARY 



This study was part of a series of Ontario Ministry of the Environ- 
ment trace contaminant surveys, utilizing young fish for persistent 
contaminant residue level determinations. 

Organochlorine and mercury residue levels were determined in year- 
ling yellow perch from lakes Nipissing, Rosseau, Muskoka, Simcoe, Stoney 
Rice and Moira. 

DDT and mercury residues were found in lOO'i, PCB's in 92%, dieldrin 
in 69% and chlordane in 23* of all samples analyzed. Fish residue levels 
for DDT ranged from 5 ng/g - 118 ng/g; mercury 20 ng/g - 150 ng/g; PCB 
ND - 1383 ng/g; dieldrin NO - 9 'ng/g; chlordane ND - 10 ng/g. The 
acceptable PCB fish residue concentrations for the protection of wildlife 
(100 ng/g) were exceeded at four of the ten sites sampled. None of the 
other contaminants exceeded the concentrations related to wildlife 
protection. 

Industrial and sewage treatment plant effluent analyses from areas 
of elevated PCB levels in fish have confirmed the presence of active PCB 
inputs from land-based activities. 

PCB inputs from point sources appeared to be more significant in fish 
^ contamination than atmospheric loadings. 

The presence of elevated mercury concentrations in lake sediments did 
not always influence body-burden levels in fish. 

Further work 1s in progress to investigate the effects of sewage treat- 
ment plant effluents on localized fish populations. 



INTRODUCTION 

Recent fish residue data from Lake Simcoe and the Huskoka lakes 
have shown that PCB contamination is not limited to the Great Lakes Basin 
in the Province (Crawford and Brunato 1978). Concerns about persistent organic 
contaminants in Ontario's inland lakes have historically been limited to 
organochlorine pesticides, particularly DDT and its derivatives (Boelens 
and Rumsay 1972; Frank et al . 1974; Miles and Harris 1973; Miles 1976). 
The potential threat of inland surface water contamination by persistent 
organics and mercury have generated the necessary urgency to develop 
investigative techniques for point-source detection and contaminant trend 
monitoring. 

This study attempted to obtain geographic distribution data for 
organochlorine contaminants and mercury by sampling yearling yellow perch 
( Perca flavescens ) populations for body-burden level determinations. It 
was hoped that utilization of a life stage with a restricted home range 
would facilitate site-specific residue data development for potential 
point-source identifications and future contaminant trend monitoring. 

METHODS 

Study Area 

Yearling yellow perch were collected from lakes Nipissing, Rosseau, 
Muskoka, Simcoe, Stoney, Rice and M.oira. Individual sampling locations 
are identified in Figure 1. 

Fish Collection and Analyses 

All collections were completed during the months of July and August 
of 1977. Fish were captured with a 20 m, 0.6 cm mesh bag seine at 1-2 m 
depths, measured, wrapped in hexane-rinsed aluminum foil and frozen in the 
field. Samples were stored at -20°C until processing for chemical analyses. 

Contaminant identifications and quantitative analyses were completed 
at the Ontario Ministry of the Environment Laboratory in Rexdale. Mercury, 
PCB, HCB, BHC, lindane, heptachlor, aldrin, thiodan, dieldrin, endrin, 
chlordane, mi rex as well as DDT and its metabolite residues were determined 
on whole fish homogenates, each sample consisting of a five fish composite. 
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All organochlorine contaminant residue determinations were made by gas 
chromatographic techniques, while mercury analyses were done by standard 
cold vapour flameless atomic absorption. Detailed methodology is available 
from the Handbook of Analytical Methods for Environmental Samples, 
Laboratory Services Branch, Ontario Ministry of the Environment. Lipid 
contents of all fish analyzed were also determined and expressed as a 
percentage of total body-weight. 

RESULTS AND DISCUSSION 

Sample Characterization 

Yellow perch was chosen because of Its general abundance, commercial - 
recreational importance, and its prominent role as a forage species (Scott 
and Grossman 1973). 

Fish scale readings of representative size groups from Lake Muskoka,Rice 
and Rosseau samples proved the fish to be in their second growth period (1+). 
The available growth rate statistics for Lake Simcoe perch suggested that 
the Simcoe collections also belonged to the yearling age group (Pers. comm. 
R. Desjardine). No growth data were available for Nipissing, Stoney, 
and Moira lakes. However, considering the fish size distributions and 
similarities of the habitats sampled, Nipissing and Stoney Lake 
collections were treated as yearlings and fish from the Moira lake as 
young-of-the-year (Fig. 2). 

With the exception of the Miami Beach sample from Lake Simcoe, 
fish size variations did not fluctuate significantly between individual 
collection sites within the watersheds sampled (p>0.05). It has been 
recognized that contaminant residue levels in aquatic organisms are primarily 
dependent on exposure time and growth rate (de Freitas et al . 1977). 
Therefore, the relative sample homogeneityachieved facilitated station-to- 
station comparisons. 

Residue Levels 

Of the 13 compounds analyzed for, only PCB, DDT, dieldrin, chlordane 
and mercury residues in fish were detected. 

Mean PCB and total DDT body-burden levels ranged from non-detectable - 
1383 ng/g and 5 ng/g - 118 ng/g respectively. Mercury body-burden levels 

ranged from 20 ng/g - 150 ng/g (Table 1). 
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The acceptable PC8 body-burden levels in fish for protection of wild- 
life (100 ng/g IJC 1975} were exceeded at Gravenhurst Bay, Otonabce River, Atherley 
Narrows and Miami Beach locations. None of the other contaminant 
residue concentrations obtained by this study exceeded the critical concentra- 
tions related to wildlife protection criteria. Significant residue level 
differences were found in all the major contaminant groups when station-to- 
station comparisons were made (p <0.05; Figure 3, 4 and 5). 

PCB 

High PCB residues in fish populations with low mobility corresponded 
with urbanized areas. The PCB concentrations found in the Otonabee River and 
Gravenhurst Bay fish suggested the presence of active PCB inputs. 

Peterborough municipal sewage and industrial effluent samplings were 
initiated to identify PCB inputs and included the sanitary sewage system at 
discharge points of selected industries. Effluents from Nashua Paper, Outboard 
Marine, Laval and Domtar, all contained PCB residues ranging from 0.67 - 6.10 
ug/1. However, in the opinion of the Ministry of the Environment Pollution 
Control Branch, PCB residue levels identified were residuals from prior use 
and were not indicative of present industrial use and no further corrective 
measures were possible. Since industrial wastes are channelled through the 
Peterborough Sewage Treatment Plant prior to their discharge to the Otonabee 
River, treated sewage effluents were collected during the latter part of 1977 
and early 1978 for PCB residue determination. The Peterborough Sewage Treat- 
ment Plant effluent was not found to have unusually high PCB concentrations, 
Shannon et a^. {1975). Concentrations determined by the Ministry of the 
Environment ranged from non-detectable to 0.07vjg/l and may be considered as 
average values (Bonner et^ al^. 1979). 

While such comparisons are useful for ranking of treatment plants, 
they provide little information for environmental impact assessment. Present 
knowledge of PCB sources from Peterborough do not provide enough information 
for quantification of the total input to the Otonabee River nor is it possible 
to identify individual inputs as major contributors for fish contamination. 
However, it is clear that the collective inputs of PCB's have affected fish 
residue accumulations in Rice Lake and the Otonabee River. Furthermore, PCB 
residue levels in Rice Lake fish in 1978 (1365 ng/g) were similar to those of 
the 1977 collection (1383 ng/g) suggesting that PCB discharges from Peterborough 
have not declined. 
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Since formation of PCB's during the chlon'nation process of sewage 
effluent is not likely to occur (Bonner et al. 1979), PCB's found in the 
sewage treatment plant effluents have to be considered to have originated from 
industrial, or some other specific use of the material, either past or present. 
Considering that the use of PCB's is restricted to closed systems only, one 
would have anticipated a downward trend in fish residue concentrations. 

Due to elevated PCB residues in Gravenhurst Bay fish, attempts were 
made to identify PCS inputs at Gravenhurst by sampling industrial and municipal 
waste discharges. Industrial effluents were collected by the Ministry of the 
Environment, Barrie District Industrial Abatement personnel during December of 
1977. Effluent samples from Rubberset contained no PCB residues, whereas 
Silvaplex wastes revealed 0.05 ng/l of PCB's. PCB residue concentrations in 
Gravenhurst Sewage Treatment Plant influents and effluents ranged from O.llyg/1 
0.70Mg/land non-detectable - 0.04 ug/1 respectively. Considering that PCB con- 
centrations found in Gravenhurst Sewage Treatment Plant influent were considerably 
higher than those in industrial wastes samples, it is likely that the survey 
failed to identify all PCB discharges to the sewage treatment plant. Further 
testing will be done to resolve the source. 

The Canadian Task Force Report on PCB (1976) stated that "rainwater is 
a very significant source of PCB to the aquatic environment". This conclusion 
is based on preliminary information from rainwater sample analyses collected at 
the Hamilton Harbour, the State of Wisconsin and part of Southwestern Ontario. 
PCB residues in these samples ranged from 0.01 to 0.1 ng/1 . Yet the report 
concludes that the "source of biologically available PCB does not appear to have 
been assessed" . 

The residue level results of this study can only be viewed as being rep- 
resentative of contaminant bioavailability for uptake in fish, and they provide 
little information on PCB loading rates to the water bodies sampled. However, in 
the absence of quantitative atmospheric loading data some observations can be made 
from the body-burden level distributions found. 

Several of the yellow perch collections from this study contained low 
PCB residues, therefore, it may be concluded that the existing background PCB 
contamination levels were low. If one associates background contamination with 
atmospheric inputs, it can be stated that the relative importance of atmospheric 
loadings have been minimal in the watersheds sampled. This conclusion was sub- 
stantiated by the fact that a number of sites with low levels of PCB residues 
were found to exist in close proximity to sites with elevated PCB concentrations 



-5- 

in ffsh. Such relationships are found when comparisons of residue data are 
made between Callander Bay and South Bay in Lake Nipissing; Gravenhurst Bay 
and the Muskoka River in Lake Muskoka, as well as the Otonabee River and 
McCracken's Landing samples. Subsequent analyses of Industrial and sewage 
effluents from areas of elevated PCB residues in fish, have confirmed the 
presence of active PCB inputs from land-based activities. It appears that the 
most severe impact on PCB residue accumulations in fish is restricted to the 
immediate area of discharge in the receiving waters. The potential Impact on 
the larger sport fish is beyond the scope of this study. 

DDT 

DDT and metabolite residues were found in all of the fish samples 
analyzed (Table 1; Fig. 4). However, there is evidence that DDT residue levels 
in fish are declining (Hesse 1975; Ministry of the Environment Toxicity Unit 
unpublished data). Several studies have investigated DDT residue levels in the 
biota of Muskoka Lakes and Lake Simcoe (Frank et al. 1974; Boelens and Rumsay 
1972). None of these studies have investigated contaminant levels in juvenile 
fish populations. Therefore, body-burden comparisons between the earlier and 
present survey data are difficult, due to sample heterogeneity. While comparisons 
of absolute residue levels for yearling yellow perch were not available to provide 
an historical evaluation, comparisons of metabolite/ DDT ratios provided informa- 
tion on the process of parent material degradation in yellow perch. The DOE: 
DDD:DDT ratios for Lake Simcoe and Muskoka Lakes perch captured during the 1968/ 
71 period were reported to be 1.5:0.8:1 and 0.7:0.2:1 respectively, (Frank et al . 
1974). The same ratios obtained from the present survey were 3:2.2:1 for Lake Sinxroe 
and 2.7:0.9:1 for the Muskoka Lakes. It is apparent that a considerable proportion 
of the parent material has been metabolized over the six year period at both 
locations. A significant correlation between PCB residue concentrations and fish 
sizes were found in the yearling perch analyzed (p <0.05; r = 0.408). Similarly, 
a significant correlation existed between PCB and ZDDT residues. No correlation 
between PCB residue levels and fat contents, nor fish sizes and fat contents were 
found. 

Mercury 

Mean body-burden accumulations of mercury in yearling perch analyzed 
ranged from 20 ng/g - 150 ng/g (Table 1). Fish from Moira Lake had the highest 
mean mercury residue levels of 150 ng/g, followed by the Muskoka River collection 
of 110 ng/g. 
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While this survey was not comprehensive enough for representative 
mercury baseline data development in nearshore fish populations, statistically 
significant residue level differences were found within individual watersheds 
sampled. Significantly higher mercury concentrations were found in yellow 
perch from the Muskoka River delta area, when compared to Gravenhurst Bay and 
Bent River samples (p <0.05), Mercury residue concentration results obtained 
from sediment surveys conducted by the Ministry of the Environment Central 
Region also indicated elevated (=700 ng/g) mercury levels in the upper Muskoka 
River system (Ministry of the Environment Central Region unpublished data). 
Although sedirient surveys have also identified elevated ( = 750 ng/g) mercury 
levels in lake sediments near the Gravenhurst Sewage Treatment Plant discharge, 
mercury residues in yearling yellow perch from Gravenhurst Bay were not found 
to be significantly above the background level concentrations (Fig. 5). 

Similarly, above background mercury levels have been obtained from 
Lake Simcoe sediment samples. Mercury concentrations in Kempenfelt Bay and 
the Holland River delta sediments ranged from 500-1000 ng/g and 500-800 ng/g 
respectively (J. Ralston, pers. comm.). Yet mercury residues in yearling 
yellow perch from Kempenfelt Bay and Miami Beach did not exceed the Lake Simcoe 
background level (Fig. 5). Due to the small sample size, the data base for 
mercury residues in sediments can hardly be considered representative of the 
areas sampled. However, it is worth noting that, in the presence of elevated 
sediment levels of mercury, resident fish residues remained low. 

Young perch collections will be continued in 1979 from selected sites 
in the Province to identify sources of contaminant inputs and monitor residue 
trends in the nearshore biota of inland waters. Since industrial applications 
of PCB's are to be discontinued in Ontario, monitoring of PCB residue trends 
should be of particular interest to ensure compliance with the restrictive use 
of the material . 
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SUMMARY AND CONCLUSIONS 

Homogeneous yearling yellow perch populations were abundant and 
readily obtainable by simple seining operations in the survey area, 
providing that the proper habitat selections were made. 

A good sample uniformity was achieved within the yearling age class 
sampled, as demonstrated by fish size distributions, fat contents and 
contaminant concentrations. As a result of sample uniformity station-to- 
station comparisons were possible to evaluate localized contaminant 
regimes and identify above-background conditions. 

Contaminant body-burden data from yellow perch populations suggest 
that atmospheric inputs of PCB's have not contributed significantly to 
fish contamination in the lake systems sampled. 

While the evidence is not conclusive, there are indications that 
the presence of elevated mercury levels in lake sediments did not appreciably 
influence mercury uptake in resident fish. Development of 
quantitative data on the role of sediment-bound contaminants in fish 
contamination would considerably further existing knowledge on biological 
uptake and provide some basis for persistent contaminant trend predictions 
in nearshore waters 

This study has shown that low-level discharges of PCB's, such as 
in treated sewage effluents, have the potential to contaminate resident 
fish in the receiving waters. Such sources are likely due to historical 
use of PCB's and little further clean up seems possible. 

Continual use of the yearling fish sample technique should indicate 
trends in the effects of such sources. 
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